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TWs invention relates to sulphur dioxide releasing films. 
Perishable goods, such as foodstuff;, have a finite <rf^Tf- i* a 

o 

It is known to inhibit spoilage by providing, in a suitable fo™ * 41 

vvta^ar C ] a mm a « e d(ogca^^abi nd i n .„ eil , Th , h . „- "'material J 

* » dioxide leasing catena, su^^ * 

^pUca a o n WW4/1023 3 ^rr^ * SU,Phite - t » 

PP .cafcon WO94/10233 Asclo^ . ^ ^ of muM-.ave rmaKriaJs . S 

— r o f p^w aasoe^ ^ m ^^^ZZ^Z A 
aaterials. Firstlv th^ _ a 01 films and 

y ' ^ pnor ^ composites release sulphur dioxide in „ m 
ot controlled and which is nn * „~ * P^ur aioxide m a manner which is 

WmcU not desirable for foodstuff preservation ^ 1- • 
irticular, sulphur dioxide „>1™ • Preservation applications. In 

"ipnurmoxide release is spontaneous, with sulphur dioxide hei™ 1 , 

iron, foodstuffs. Lo ss of d; m™*,-. 
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The present invention addresses the above rW^wi v, 
a by*ophUic poller whi* * ^ ^ ^ g 



calcium sulphite or sodium sulphite; and 



O 
LLJ 



a latent acidulant 

Films of this land exhibit the advantages aforesaid. The latent acid,,, *• 
impound or compounds that are converted mf« -„ acidulant « a UJ 

. . ^ converted into acids on contact with water * 00 

'upply hydrogen ions which accelerate the ^ water, and thus 

s wanted ie, when moi^ • P ™ ^ rcIease Sulphur dioxide when 

' ies > wnen moisture is present it has H , , , 

phite OT sodium sulohfe- / to ^ *■« calcium 

TZTlT 7? " — ^ • hydrophaic - • «— 

^ &Un<I *- «« -W-r reIe3S e profiIes ^ bc 
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obtained, due to. the interaction of the hvdrn^ , 

, , 0t ^ hydr ° gen ,0n re]ease kinetics of the latent acidulant 

and fbe moisture sensitive release characteristics of the polymer. 



>- 
CL 

8 



WO94/.0233 ^-a^e^o^^ . 
— «. compound C-W* can be seieoted a Wge rf ^ * 

«° - «* — compounds which becoote or ^ aTac^T ^ 3 

gas itt a htnnid etrriroiunent Ofthec™™, me OT =««^o » acd «• ache J 

aeidie gas in a htnnid « «™Po-»* whtch become or geoerate an aeid or 3 

Jd,e gas m a hunud envtronntent, oaly gaieric ^ no 5 

irraTrrr"^ 0 ™^- «— ^ * 

W^3 3 " CXamP,eS - — ' — P-ided fa fe 

WO94/10233 are themselves ade^ate for practical nsaae Fur fl,»™ t W 

«o*de leasing ^ e^, 1 ^ *" * 

g mm. r-or example, sodium metabisuiphite has <™ _w . , 

-suitable since sulphur dioxide is released spo n taJ77 ^ ^ 

^ spontaneously once the film is prepared. 

r^ZTZ^™^" 1 ™'™"*'^ ^one^achdes 
.ssible, for example TO oxidation reactions such as orid»«™. P ■ t , 

- . , * been found to Provide particularly good results 

tprtsingly, succinic anhydride has h«*o fi™ ^ ^ to results. 

foUQd to Provide a dual usaee as * i»t~,* 
dulant and as apjasticiser for the polvmer Th. ^ 
isexhihiH , Polymer. The latter property enables the provision of 

- exhmmng unproved mechanical properties, even in humid environing. 



06/09/2005 THU 09:30 [TX/RX NO 6932] @007 



The polymer may be capable *r u ^ 

water by weight ofthe polymer. 

According to a second aspect ^f«_ - 



8 

a 
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Preferably the ool 

^ *« <an „ rganic " ' 01,5 C ~ •"*■■«•» ^ ofan 

O^PhiUc ^ -* •« *e Po Iymcr Wend „ 

— Po^yW an* «. tydrophaic po ~ e ; ^ PO.^ ^ 
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The article may be packaging material, such as a flexible sheet material or a 

container. 



The article may be a foodstuff, which may be coated with the film. 

o 

Embodiments of films and articles in accordance with the invention will now Q 
be described with reference to the accompanying drawings, in which:- UJ 

Figure 1 shows total viable counts (JVC) as a fimcti on of time on pork ™ 
steak samples; ^ 



Figure 2 shows lactic acid bacteria counts as a function of time on pork ^ 
steak samples; 

Figure 3 shows pseudomonas spp. counts as a function of time on pork 
. steak samples; 

Figure 4 shows total viable counts (TVC) as a function of time on 

V 

vacuum packed pork slices; 

Figure 5 shows lactic acid bacteria counts as a function of time on 
vacuum packed pork slices; 

Figure 6 shows pseudomonas spp. counts as a function of time on 
vacuum packed pork slices; 

Figure 7 shows total viable counts (TVC) as a function of time on 
strawberries; 
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Figure 8 shows enterobacteriaceae counts as a function of time on 
strawberries; 

t 

Figure 9 shows total viable counts (TVC) as a function of time for O 

lOOpni coated films on aerobic wrapped pork slices; qj 

-J 

Figure 10 shows enterobacteriaceae counts as a function of time for _J 

100pm coated films on aerobic wrapped pork slices; ^ 

■•' < 
h- 

Figure 1 1 shows psendomonas spp. counts as a function of time for yj 
1 OOum coated films on aerobic wrapped pork slices; 00 

Figure 12 shows lactic acid bacteria counts as a function of time for 
1 OOfim coaled films on aerobic wrapped pork slices; 

Figure 13 shows the pH of the -1 dilution for lOOnm coated films on 
aerobic wrapped pork slices; 

Figure 14 shows total viable counts (TVC) as a function of time for 
300p.m coated films on aerobic wrapped pork slices 

Figure 15 shows enterobacteriaceae counts as a function of tii^e for 
300fim coated films on aerobic wrapped pork slices; 

Figure 16 shows pseudomonas spp. counts as a function of time for 
300jmi coated films on aerobic wrapped pork slices; 

Figure 17 shows lactic acid bacteria counts as a Junction of time for 
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300pm coated films on aerobic wrapped pork slices; and 



Figure 18 shows the pH of the -I dilution for 300pm coated films on ^ 
aerobic wrapped pork slices. . Q- 

o 

. a 

There are a number of problems which must be overcome in order to produce j 
a practical and commercially viable sulphur dioxide releasing film. Firstly, desirable 
release characteristics must be achieved, so that sulphur dioxide is released in a phased < 
manner once the film is in contact with a moist atmosphere such as mat associated with $ 
food products. Furthermore, it is a prerequisite mat very little or no sulphur dioxide is 
released under relatively dry storage conditions, such as extended warehouse storage. rQ 
Secondly, the mechanical properties of the film must be commensurate with commercial 
use. In particular, many films crack and peel when in contact with moist food products. 
In a comparative example provided below, it is shown mat the example film of 
WO94/10233 which displays greatest similarity to the films of the present invention 
exhibits some of the disadvantages discussed above. 

A preferred polymer is ethyl cellulose. Ethyl cellulose exhibits good swelling 
properties of pa. 10% swelling. Such swelling on contact with water permits regulation 
of me sulphur dioxide release. Other swellable polymers are also suitable for use: for 
example, cellulose acetate, or polymer blends of polyethylene with polyethylene oxide) 
orpoty(vinyl alcohol-ethylene). 

Succinic anhydride, benzoic anhydride, itaconic anhydride or adipic 
anhydride are incorporated into the film. It is possible to utilise combinations of these 
anhydrides. The anhydrides act as latent acidulants. It is believed that the mechanism by 
which the anhydrides assist in the release of sulphur dioxide is via hydrolysis of the 
anhydride moiety to produce the corresponding organic acid. The organic acid liberates 
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hydrogen ions which accelerate the hydrolysis of the sulphur dioxide releasing compound 
(etherso&umsalphteorcx^s^tdtel Thus, the kinetics of the release Mechanist* > 
are very much favoured by the high relative humidity encountered within food packaging, ft 

and not favoured by dry storage conditions. An additional, and surprising, effect of me ° 
anhydride is to enhance ^ UJ 

effectisparticuiariymark^ For example, it should be noted that 1 

ethyl ceUulose coatings crack easily when spread wimout the anhydride additive Such < 

^ckmgwasobservedwimpureemylce^ 5 

having sodium sulphite as an additive. The incorporation of various plasticising agenl O 

mto such films did not provide a solution to the problem. However, films which X) 
incorporated succinic anhydride resulted in smooth and consistent coatings. 

To avoid doubt, all of the anhydride and sodium sulphite or calcium sulphite 
concentrations referred to below are with respect to the dry weight of polymer. 

In representative but non-limiting examples, a sodium sulphite or calcium 
sulphite concentration in the range 15 to 100%, preferably 25 to 80%, most preferably 
about30%toabout75%,isused. The concentration of anhydride, is generally in the range 
10 to 100% I„ the case of succinic anhydride, the concentration is generally in the range 
10 to 50%, preferably 15 to 45%, most preferably about 30% to about 40%. When ethyl 
cellolose is used, a range of ethyl cellulose viscosities are suitable. Viscosities of 4 cps 
(centipose) to 300 cps have been successfully employed, with higher viscosities (generallv 
vxscosities greater man 150 cps) being preferred since improved mechanical properties are 
associated with the film However, lower viscosnyceUuloses can be useful for applications 
nwhachmefflmisprinted. The skilled person will appreciate mat in addition to printing 
nany omer coating methodologies might be employed, such as casting, moulding or 
=xtrus 10 n. Cellulose films are generally prodnced by casting a solution of the relevant 
•recursor dissolved in a suitable carrier, such as ethanol, followed by evaporation of the 



06/09/2005 THU 09:30 [TX/RX NO 6932] @012 



WO 2004/052109 



PCT/GB2003/005264 



-9- 



carrier. Preferred, but non-limiting, concentrations of ethyl cellulose (or cellulose acetate) 
in the carrier are in the range 5 to 30% w/w, wife higher concentrations generally being 
preferred since enhanced sulphur dioxide release profiles, in which sulphur dioxide release 
is sustained over an extended period of time, can be obtained. The skilled reader will 
appreciate that the upper limited of the concentration for any given formulation is 
generally dictated by viscosity constraints. 

Representative but non-limiting coating thicknesses are in the range 3 to 15 
thousandths of an inch. 

Example 1 



CL 

8 

ill 

CD 



< 

I- 
C/3 
LU 
CD 



A formulation comprising 20% succinic anhydride and 30% micronised 
sodium sulphite suspended in a 27% w/w ethyl cellulose/ethanol solution was produced. 
Low viscosity (4 cps) ethyl cellulose was employed. Coatings of lOOum and 30pm 
thickness were produced, corresponding to ca. 20gm' 2 and 50gm- 2 of coating, respectively. 
Sulphur dioxide release was monitored by placing a 10cm 2 piece of film and a sample of 
universal indicator paper in a sealed container under dry and wet conditions. Table 1 
shows the results of an 85 day study. Table 1 indicates that under dry conditions, both 
coatings provide a neutral pH on the indicator paper, showing that no significant release 
of (acidic) sulphur di oxide occurs over the observed period of time. This is an important 
consideration from a commercial perspective since storage for an extended period would 
be expected. Furthermore, under wet conditions sustained sulphur dioxide release is 
observed, as evidenced by low observed pH values. 
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7 
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Table 1. P H values as a function of time for Example 1 films 
Example 1 

Films were prepared using ethyl cellulose of different viscosities, namely 20 
lOO.and 300 cps ethyl cellulose. The polymer concentration was 11%. In each instance,' 
films were produced comprising succinic acid and 30% sodium sulphite, and a wrapping 
trial was performed over a period often days. Qualitative analysis revealed that the film 
produced using 20 cps ethyl cellulose underwent mechanical breakdown within three days. 
Over the ten day period, small cracks were seen in the film produced using 100 cps ethyl 
cellulose. The film produced using 300 cps ethyl cellulose exhibited strong resistance to 
mechanical breakdown over a period often days. 
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Films were produced using 300 cps ethyl cellulose in ethanol at various 
concenttanon leveis. ^ese fitos conned succitnc anhydride and sodium sujpnhe in n. 

™ ^ <*«" cotnposirions of tfce films ^ ^ to Tabfc ^ § 

Table 3 dep.* the tesuhs „f m eighteen ^ ^ ^ ^ ^ ^ O 

cmttnttons using 4c P H measuring tnemod genera!* described fa Examp.e , FiSms 
corresponding to a re,auve,y , OW emy, oeUnlose ooncett^non of 6% provide rdarivCy 
^^^^ease,^^^^^^^ * 

^^^■* d -* te *-*«*-W« .oteindependerttofmeamouu, 
of acrive tngreuients (ie, anhydride and su.pb.ur dioxide te.easfag nta^rial) presen, ft 
^enoted^m^^^^^^^^^ 



LU 

m 



I 

co 

LU 
CO 



SS>/di . ^ 6 m — P-^ g to an intermediate ethyl ceUnlose concents of 
^ flayed only a ^gioaUy extended su^ur dioxide release W pJT L 

oncentration films fin which 710/ , , y cellulose 

-pfcur dioxide teJe t^J^^ T* " *~ ' ^ ^"i** 
fll%i,™ „• ^ ^ y ^^^^° ffl *^^ ^ooacentration 

T i r ^ ^ ° f * e «** "™<~ -centrarion used* 

educe the nitnspetunts counx,, of *e time profile for suboxide re^e 



oating 



Polymer Concentration 



Succinic anhydride 



30 



Sodium sulphite 



45 
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F4 
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60 


90 


F5 
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20 


30 


F6 


11 


20 


30 



Table 2. Key showing film formulations 




Table 3. pH values obtained from films of Table 



Example 4 



>- 
CL 

8 

3 

CO 
LU 

0Q 



Preservative packaging is the most effective and acceptable means of 
the shelf-life of chilled znea, m aerobic environments Pseudomonas spp. axe 
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the c_ spoilage OTganisim . since ^ ^ ^ 
po^ on *es S food ^ « abo widcI) . fa ^ 

films was then studied. «vp«iinmese 



Q. 



Rtas were produced using 27% w/w ^ 

4 -W was used, aod ^ hav ^ g ^ g 

tacknesses of 100 aad 300^ were produced, oavuig eoatmg 

^omypoAchopswereobtauurife™ a local supermarket aud d ^ 
-> sterile instant, ^upenuarke. and de-boned 

-^ed^^^^^^JJ^-W^ Cordis 

~uup es ox tissue of ca. J 0 g weight were removed with sterile 
.^streugU.^so^oo. S^^^^^^ 

for 48h. Lacue aad bactaja ^ _ ^ ; 
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Base CPAS, Oxoid) supplemented with cetrinnde focidin cephaloridme (OF-C Oxoid) 
and incubated at 30 °C for 48h 



Microbial ^U^sperf^^ ^ O 
shown in Figures 1,2 and 3 ° 

y 

He data in Fignrcs U 2 and 3 show the effects of 4 weeks of pcdc steak ^ 
^"^con^^^^^^^^ | 

^-^^-".eia.phasaand^nn^ ceHpopnJol 

r 0 rt r dbM ^^ ny ^ too4%of «'-->~n. " 

10 days this has increased to ?Q°/ ft f A „ , ^ ^ WIL Al 

: this fevel for 14 days An JZT^t » &*t24h and rented 

days. An ntcrease m JVC and Psendomonas was observed after 14 



tic aeid ba^ ^ *•= SOOi™ fi,^ W€TO fte 

-IrltT 3 - ^ ^ * — d ™ ' -es foUowin g *e initial 
ahr.l.lOOwnandaoO^a,,,.^^^^^ * 
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The pH of the meat at Day 28 in ail cases-is P H 6.7± d. 1 . This is a high pH 
for meat and indicates that Gram negative bacteria dominate. The microbial analysis 
confirms tins since thepseudomonas spp. are 2-3 log cycles higher than the JLAB. Meat 
donnnatedbyl^isQonnaiiypjjj^^g^ 

CL 

o 

The Institute of Food Science and Technology recommended maximum value w 

for raw meat is 1 0* cfiVg. Above this value meat is considered unfit for human 5* 

consumption. In this example the control pack rapidly exceeded this value (1 _2days) 5 

whils^OO^pacfc --nrttt^M^^^^J | 

20 day, This has been achieved by inhibition of Gram negative organisms such as * 

Pseudomonasjragi and Alteromonas putrefaciens. O 



lhe shctf-ffie of reftigerated meat ,» ay be extorted to several Weefcs by 
vacuu„ g k fa bags rf ^ „ rf Jow * 

— ^^L^Z 

JAB) become .he douunam group after storage. Otter orgaoasu* su<* as ^ocAot/Wr 
- eotoobactoriaceae have a>s„ he™ detected bu, their „ 



Vacuura-padcaging of meat j, „ e^^H^ of ^^^^ 

™ g00d hygienC »»* cm «* ««* for up to 8 weeks uuder corneal 

>n*W. Spoilage is nonnally evideo, i» pork as W, -cheesy, or -acid- offodoors 
>d flavours ^ have beea attributed to shorten fetty.acid ^ pro<JucK „ f ^ 
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dominant lactic acid bacteria. The shelf-life of vacuum packed meat with high pH (usually 

from stressed animals) is reduced due to discolouration (greening) and/or the production 

of objectionable 'putrid', 'sulphury 1 odours. These unpleasant spoilage characteristics are q! 

associated with the growth of Gram-negative organisms, particularly strands of 8 

Enterobacteriaceae and Alter omonas putrefadens, which may dominate along with lactic UJ 

acid bacteria, or even outgrow the lactic acid bacteria. CO 



Films of the same kind as described in Example 4 were produced and utilised 
in the manner described below. 

A block of de-boned pork was obtained 72h post slaughter. Individual pork 
slices approximately 1cm thick and weighing approximately 90g were wrapped in films 
of thicknesses of lOOum and SOOum. These slices were then inserted into Cryovac pouches 
(BBL4) and then vacuum packed and sealed. Controls were prepared using film with no 
active ingredient and meat slices packed directly into me plastic pouches. 

Samples were stored at < 4°C and removed at 0, 7, 21, 30, 44 and 61 days for 
microbial analysis. At each time interval one pack was sacrificed from the Control, 
Control film, 100pm and 300pm 12 tests. Three samples of tissue ofca. lOg weight were 
removed with sterile instruments from each pack. Each sample was homogenised with nine 
times its weight in sterile Ringer's solution QA strength). Samples were decimally diluted 
as appropriate. Total viable counts (TVC) were made on Plate Count Agar (PCA, Oxoid) 
at 30 °C for 48h. Lactic acid bacteria were determined on de Man, Rpgosa , Sharpe agar 
(MRS) incubated at 30°C for 48h. Pseudbmonas spp. were counted in Pseudomonas Agar 
Base (PAB, Oxoid) supplemented with cetrimide fucidin cephaloridjne (C-F-C, Oxoid) 
and incubated at 30 °C for48h- 



< 

I— 
CO 
LU 
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The average values for Total viable counts (TVC), Lactic acid bacteria (LAB) 
and Pseudomonas spp. are shown in Figures 4, 5 and 6. The data shown in these Figures 
demonstrates the effect of storing pork slices for 61 days in films containing the active >. 
ingredient at coating levels 100am and 300»m under a Vacuum packed environment. . g 

o 

Figure 4 shows that bacterial growth was not inhibited by the micro- ^ 
aerophilic environment in the Control or Control film vacuum packs, fee growth reaching ^ 
a maximum cell population of 10'° cfu/g at 44 days. In contrast growth was inhibited in < 
100pm and 300um packs. The 100pm film inhibits bacterial growth for 44 days whilst < 
me 300pm film continues to inhibit growth at 60 days where the final cfii/g is lower than CO 

the initial value. LlJ 

CO 

The growth profiles for lactic acid bacteria in the Control and Control films 
are smiilar, reaching ccU populations of 1 x 10*cfu/gbi21 days. The LAB count increases 
in the packs containing the 100pm and 300umpork shoes up to 21 days and then declines. 
Growth of lactic acid bacteria in the 300um film packs extended the lag phase up to 7 
days. Subsequent growth of LAB was slow with the cell population increasing by 2 log 
cycles at day 61. 

The profile for Pseudomonas spp. is shown in Figure 6. The trend for the 
Control and Control film packs indicates that vacuum packing extends the lag phase 
inhibiting pseudomonas growth. Pseudomonas species are aerobic and whilst the pack 
atmosphere has changed some oxygen remains following packing. Consequently 
Pseudomonas spp. may be able to survive in mis micro-aeropbJUc environment but not 
increase their cell number. 

The Pseudomonas profiles for the 1 00pm and 300pm film packs show a 1 log 
=ycle decline by day 61. bathe 100pm film packs this decrease occurs up to 30daysafter 
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this period, the cell population remains stable. This could be a concentration effect or the 
development of a resistant population. The 300pm film packs show a 2.5 log cycle 
decrease within 7 days, although a 1.5 log cycle increase is observed after 7 days, ftis > 
thought that the initial decrease is due to the increased loading of active ingredient in these O 
films. O 

< UJ 
-J 

The Institute of Pood Science and Technology recommended maximum 5 

vahie for raw meat is 10* cfu/g. Above mis value meat is considered unfit for human § 

consumption. In this study fee Control and Control film packs exceeded this value within J 

20 days and the 100pm packs at 61 days. The 300pm packs did not reach this value, ft 

remaining 2 log cycles below this limit at 61 days. This indicates that films of the 00 
invention are effective in extending shelf-life in vacuum packed meat products. 

Example 6 

Films were produced using the following formulation: 

Ethyl cellulose (300 cps) - 1 1% w/w in ethanol; 
Succinic anhydride - 30% based upon dry weight of polymer; 
Sodium sulphite - 45% based upon dry weight of polymer. 
Films of 50pm thickness were produced. 

Food grade paper samples were coated with films produced according to the 
above formulation. 

Approximately 30g of strawberries (25 - 40g) were packed in plastic cups 
(250 ml). Paper coated with the film was then added and the cups covered with clin- film. 
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Control packs were prepared by omitting the coated paper prior to wrapping with cling 
film. 

Samples were stored at room tenjpesratore and removed at 0, 3, 5 and 7 days >• 
forniicrobial analysis. At each time interval two packs were sacrificed from the Control, O 
and coated paper tests. Approx. 10g were removed with sterile instruments from each ^ 
pack. Each sample was homogenized with 9 times its weight in sterile MRD. Samples 
were decimally diluted as appropriate. 



Ill 



Total viable counts (TVC) were made on Plate Count Agar (PCA. Oxoid) at 
30°C for 48h. Enterobacteriaceae were determined on Violet Red Bile Glucose Agar [fi 
(VRBGA, Oxoid) incubated at 37*C for 48b, Yeast and moulds were counted on Rose- 00 
Bengal Agar (RB, Oxoid) supplemented with cMoroamphenicol and incubated at 30 °C for 
72b. 



The average values for Total Viable Counts (TVC) and Enterobacteriaceae 
(Eateros) are shown in Figures 7 and 8. 

Figure 7 shows that bacterial growth was suppressed for up to 5 days. At day 
7 the TVC has increased to a value similar to the control. In the control packs bacteria 
increase 2 log cycles in the first 3 days and remain at 10 5 cfu/g thereafter. Figure 8 shows 
the enterobacteriaceae profile. The enterobacteriaceae count decreases in the SQpm film 
packs. However, as with the TVC, the number increases rapidly after day 5. This increase 
is probably due to the active ingredient felling below the MIC, allowing growth of 
surviving organisms. 
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Examp le 7 



Films w« coated with a formulation according to the invention which used > 
11% w/w ettyl cellulose in eutano!. whfr an ethyi cellulose viscosity of 300 cps The O 
«>^~ m P^^mican^^ 4flso O 

and 50:75, (in which the succinic anhydride concentration U expressed ftaa, the sodium ^ 
sulprnteconeent^o^exnre^lastry.arrfaUconcen 5 
of the dry weigh, of the polymer). Henceforth, a fihn having a succinic anhydride % 
concentration of 30% and a sodium sulphite concentration of 45% win be referred to as t 
a/SO*? fi ^vrfmmisnome 0 clatnrebemge^de^ ra ^ m ^ ftto ^ ofomer » 
eomposttions. For each eombmarion of succinic anhydride and sodium sulphite * 
concentrattons, coatings wereproduced of thickness 100pm and 300pm. Pott obtained 
fromajocat supermarket was cut mtemdividual shoes appro* 1 em thick and weighing 
appro. 50g The sUees were then wrapped in me coated fihn, These shces were then 
double wrapped in eUng fihn. Confrols were prepared using meat siices wrapped in 
uneoated fihn and double wrapped in cling film. 

Samples were stored at <4°C and removed a, 0. 1, 3, 7, 10, ,4 and 2 1 days 
formrerobudanarysis. M each umemterval one pack was sacrificed fromthe control and 
coated fibns, esc. Three samptes of tissue of 20g weight were removed with sterile 
mstruments from each pack. Each samp,e was homogenised with 9 times its weigh, in 
sterile MRD. Samples were decimally diluted as appropriate. 

30C for 481, Enterobacterial were determined on Viote, Red Bite Glucose Agar 
(VRB<3A, Oxaid) incubated a, 37'C for 48h. Lactic acid bacteria was determined on de 
Man, Rogosa Sharpe agar (MRS) incubated at 30'C fo, 4Sh atPseudomonas spp were 
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counted on Pseudomonas Agar Base CP ATI nv n ^, , 
^pnaionomc (C-F-C, Oxoid) and incubated at 30°C for 48h. 
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Hie Total viable counts (TVC), Enterobacteriacease Pseudomr. 
*T 1 «<* — the control However, by Day 7 aU ,» * 

The organises toubj,^ „ ^ 
-^obacteria^P^^^ ^^^ ^ *» ~ 

dec^einceU^berbe^DayOandDayB^ ^ *—«——»» 
^ - jj yUand Uay 3 - 1x1 aM cases the dominant species 

— Pseud™ w«h LAB ^ 10%oftheceUp9puta( . J 

a _ !TT I fi 3 , Sh 7: ,lKJ>HOf,he - 1 «— *r-*-*i lOOutn coated fib, 

acZw r f0 " 0V " 1 ™ »«- of ^decease iupH (increase 

foUowed by a rise in pH Cmcrease fc ^ ^ ^™ 

aydnde and sodium sulphite conceanarions decree. «oe S uecm 1 c 

* acid ba^T *"* """" (TVCX EnKrcb — — Pseud™ spp. and 
bacena forvanot* coated fibns of SOO^teicl™^ are shown in Pi^ .4 
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to 17. Examination 

thefili^ atthiscoatmg weight At Day 7 only the 30:45 film has exceeded the I Ox 10* 
cfii/g critical limit A bacteriocidal effect is observed for Enterobacteriaceae and > 
Pseudomonas spp. whilst a bacteriostatic effect is seen for LAB. This is strongly O 
demonstrated in the 40:60 and 50:75 films where inhibition lasts for 7 to 10 days The ° 

population. 
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Figure 18 shows ftepH of ft. -1 dftmon for each of fte 300,™ coated film 
^l-fc**-.*-!^^,, lOOpmcoated jj 
films, namely an initial decrease ft pH (increase ft acidity) foUowed by a rise ft pH ° 

^^^^^^^Ito^hib^byfteJOOMmcoated 
films. TMs rise in pH si^dfies fte cod of fte mbiblfion/h.g phase and fte emergence of 
Psendomonas spp. as fte dominant species. WMs, fte inhibition phase is long** than fta, 
exMfttedoyfte lOOp^ coated fitos. fte pHoffte meat is n« si^^ loww 

Shelf-life extensions of up to 2 days were achieved wift I 00pm coated films 
Of composition 30/45 and 50,75 . At fte Mghe, coafing teve. of 300pm, fte shelf-Ufe 
conld be extended for3 .fays wift 30:45 and 7 days wift 40:60 and 50:75. 

Comparative Bmaek g 

and^orgamcacidasaddmve, A film was produced using the following constituents: 
ceftdose achate «0g). acetene (,00ml), ^ ^ 

•atftnc acid (^5g). Sodium sulphite is used in piace of calcinm smphfte owing to 
xmuneroal avmlabihty: ofterwise film corresponds to Bcampfe 1 of WO94/10233 
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^^^^^^ - P~ was pIaced 

contauafcon overnight ttepH decreased to a value of I -0* - " ^ UJ 

-lease but ve^ s* ong p™*^ «JZ*£ " ^ » 

purpose. rerxier it unsurtable for any commercial <J 
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